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© Disclosed are a high-speed steel member and a manufacturing method thereof. The member has a Nb 

Content OT U (inCI.) tO ^^.U 7o in lilt? Hcltu S>icii« crnci naiuo y cuiu loiiipvim^ w*.^. , 

either or both of M G C and M 2 C type carbides representing a ratio of 0 to 2 % to the total area, and the 
remainder substantially consisting of MC type carbide. The difference of crystallization temperatures is 30 °C or 
^ more between MC type carbide and M 6 C or M 2 C type eutectic carbide. 

The high-speed steel member exhibits a high toughness and a small anisotropy of the mechanical 
^ properties, namely, a hardness of HRC 60 or more and a Charpy impact value ratio between the longitudinal 
Cn direction and the direction perpendicular thereto in a forged material is 0.7 or more, and is quite useful for plastic 
working. 
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Field of the Invention 

The present invention relates to a high-speed steel member with a high toughness used for plastic 
working and a manufacturing method thereof. 

5 

Background of the Invention 

The steel referred to as high-speed steel has a micro-structure containing two forms of primary carbide. 
One is a complex carbide called MeC or M 2 C, whose crystal structure constitutes cubic system with a 

io composition of Fe3(W, Mo>3C or Fe*(W, Mo) 2 C. The other is a mono carbide called MC with a composition 
of (V, Ti, Nb)C. The former is formed as herringborn-like or feather-like eutectic carbides obtained in 
eutectic reaction during solidification process of molten steel where austenite (y ) and M 6 C (M2C) type 
carbides are simultaneously crystallized from melt (L). In case of the latter, crystallization style is a little 
complicated: The MC type carbide may be formed in two solidification types, one is crystrallized alone in 

75 the melt (L) and the other is formed during eutectic reaction. The MC type carbide crystallized alone is first 
formed as a single type crystal from the melt (L) in solidification process. Then, in the eutectic reaction 
where austenite (y) and MC type carbide are simultaneously crystallized from the melt (L), MC type carbide 
may be formed again. 

In case of ordinary high-speed steel, MgC (M2C) type carbide, which is an eutectic carbide, is 
20 generated much more than MC type carbide, which is crystallized alone, of the above primary carbides. 
Besides, M G C (M 2 C) type carbides are always generated in eutectic reactions under general industrial 
conditions for ingot making and cannot be crystallized alone. According to Steven (G.S. Steven, A.E. 
Nehrenberg: Trans, ASM57(1967) p.925), the eutectic temperature here can be expressed in weight % of 
the elements as shown below: 

25 

Formula: TM S C <°F) = 2310-200(%C) + 40(%V) + 8(%W) + 5(%Mo) 

When the crystallization temperature difference between MC type carbide and the M&C(M 2 C) type 
eutectic carbides is expressed as AT( * C), the more V, Si, N and C are contained and the less W and Mo 

30 are included in a steel, the larger the difference AT( 0 C) becomes. In general, higher AT( 0 C) involves more 
coarse MC type carbide, which lowers steel grindability. 

To provide the structure with a finer MC type carbide, it is proposed to decrease the crystallization 
temperature difference between MC type carbide and MgC (M2C) type carbide by adjusting the alloying 
elements (Electric Steel Making, vol. 55, No. 4, 1984, p.225). 

35 According to a conventional method to improve the grindability of high-speed steel, MC type carbide 

forming elements such as Nb, Ta and Ti are added only by a limited amount so as to have finer MC tape 
carbides and content of N is reduced for crystallization of MC type carbides at a lower temperature. This 
method is to minimize the crystallization temperature difference between MC type carbide and MeC or M 2 C 
type eutectic carbide and thereby prevent coarsening of MC type carbide. Further, addition of rare earth 

40 elements such as Ce for combination with N is known to have a similar effect. 

However even when coarsening of MC type carbide is prevented by the above method, it is still 
inevitable that primary carbide M e C or M 2 C is generated as a eutectic carbide. 

Primary carbides generated in eutectic reaction are formed into a combined network style during 
casting process and have a continuous irregular shape. To obtain an excellent member for plastic working 

45 with superior mechanical properties from a steel ingot having such a structure, it is important to destroy 
eutectic carbides by hot working or other means so as to form granular crystals. However, if the forging 
ratio is not sufficient in relation to product dimensions in forging process, a stripe (streak, hook) structure 
with crowded distribution of eutectic carbides is generated in longitudinal direction of forged material. Such 
distribution may cause anisotropy in mechanical properties of the product. 

50 In addition, eutectic carbides cannot be made into solid solution during the subsequent soaking 

process. Segregation of stripe carbide during hot or cold working is not solved yet. 

If such a product is used as a member for plastic working, cracks may occur from the interface 
between the primary carbides and the matrix, which deteriorates mechanical properties, To solve this 
problem with improving toughness of the member at the same time, it is effective to reduce the amount of 

55 primary carbide, to have finer carbide and to prevent crowded distribution of the primary carbide in 
longitudinal direction of the forged material. For this purpose, "matrix high-speed steel" with lower amount 
of primary carbide and powder high-speed steel with micro-sized primary carbide are widely used. 
However, the former has only a low hardness and involves insufficient absolute values of mechanical 
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properties when used to produce large diameter materials where forging ratio is not sufficient. The latter 
costs too high and it is difficult to be used popularly. 

Summary of the Invention 

5 

It is an object of the present invention to provide a high-speed steel member with a high toughness and 
a small anisotropy of mechanical property and a manufacturing method thereof, by an innovative concept 
clearly distinguished from conventionally known high-speed steel member and manufacturing method 
thereof. 

10 The high-speed steel member of the present invention has Nb content of 0(incl.) to 2.0(excl.) wt.% in 

the hard state after hardening and tempering. In its micro-structure, either or both of M 6 C and M 2 C type 
carbides among the primary carbides represent a area ratio of 0(incl.) to 2 (incl.) % to the total area, and 
the remainder substantially consists of MC type carbide. 

Further, according to the high-speed steel member of the present invention, the difference of crystalliza- 

15 tion temperatures is 30 °C or more between MC type carbide and M 6 C or M 2 C type eutectic carbide. MC 
type carbides have non-eutectic solidification structure. 

The high-speed steel member of the present invention has a hardness of HRC 60 or more and a 
Charpy impact value ratio between the longitudinal direction and the direction perpendicular thereto in a 
forged material is 0.7 or more. 

20 The high-speed steel member of the present invention comprises, by weight percent, 0.5 to 2.0% of C, 

2.0% or less of Si, 1.5% or less of Mn, 3.5 to 6.0% of Cr, 2.0 or less of W, 3.0 to 6.0 % of Mo. 0.5% or 
more in total of both or either of V (5.0% or less) and Nb (less than 2.0%), 0.02 to 0.07% of N, as well as 
Fe and inevitable impurities for the remainder. Among the above elements, a part of Fe may be replaced by 
12.0 % or less of Co or 0.10% or less of Ti, if necessary. 

25 

Brief Description of the Drawings 

Fig. 1 is a photograph of micro-structure after hardening and tempering of a high-speed steel member 
according to the present invention; and 
30 Fig. 2 is a photograph of micro-structure after hardening and tempering of a conventional high-speed 
steel member. 

Detailed Description of the Invention 

35 Thorough investigation has been made into formation conditions for MC type carbide and M G C (M 2 C) 

type carbides as primary carbides of the high-speed steel member and the relation between these carbides 
and mechanical properties of the member. As a result, it is found that MC type carbide deteriorates 
mechanical properties of the member less, since it is formed as relatively dispersed single type crystals 
compared with M S C or M 2 C type eutectic carbide, which leads to more uniform distribution of MC type 

40 carbides after hot working than eutectic carbides. 

Further, MC type carbide crystallized alone as single type crystals remains unsolved even after 
austenitizing. This provides the member with wear resistance, and acts in preventing austenite crystal grains 
from being coarse. 

To crystallize MC type carbide alone as single type crystals, it is effective to arrange its crystallization 
45 temperature to be different from that of M S C and M 2 C type carbides at 30 * C or more. 

Eutectic reaction from the melt (L) to austenite ( y ) and M 6 C (M 2 C) type carbide observed in 
conventional high-speed steel is suppressed by the adjustment of the material composition in the present 
invention. At the same time, M 6 C and M 2 C type eutectic carbides crystallized in non-equilibrium state are 
formed into solid solution in the matrix by high temperature soaking. Thus, M S C or M 2 C type eutectic 
so carbide content is limited below a fixed value or is substantially eliminated, and MC type carbide alone is 
distributed in the matrix. Such high-speed steel member is found to have much improved mechanical 
properties including, in particular, absolute values for toughness and small anisotropy. 

High-speed steel member of the present invention comprises, by weight percent, 0.5 to 2.0% of C, 
2.0% or less of Si, 1.5% or less of Mn, 3.5 to 6.0% of Mo, 0.5% or more in total of either or both of V 
55 (5.0% or less) and Nb (less than 2.0%) and 0.02 to 0.07% of N, as well as Fe and inevitable impurities for 
the remainder. 

Alternatively, high-speed steel member of the present invention comprises, by weight percent, 0.5 to 
2.0% of C, 2.0% or less of Si, 1.5% or less of Mn, 3.5 to 6.0% of Cr, 2.0% or less of W. 3.0 to 6.0% of Mo 
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and 0.5% or more in total of either or both of V (5.0% or less) and Nb (less than 2.0%) and 0.02% to 0.07 
% of N. as well as Fe and inevitable impurities for the remainder. 

Among the composition elements above, a part of Fe may be replaced by Co or Ti, if necessary, for a 
range of 12.0% or less for Co and 0.10% or less for Ti. 
5 Manufacturing method of high-speed steel member according to the present invention comprises a 

soaking process where the steel with the above composition is placed in a temperature from 1100 to 1200 
" C before or during hot working. 

High-speed steel member of the present invention contains 0 (incl.) to 2.0 (excl.) % of Nb in hard state 
after hardening and tempering. Among the primary carbides in the structure, the area rate of M&C and/or 
w M 2 C type carbides represent 0(incl.) to 2 (incl.) % in total in the whole area, and the remainder is 
substantially MC type carbide. 

Besides, in high-speed steel member according to the present invention, the difference of crystallization 
temperature is 30 *C or more between MC type carbide and M 6 C/M 2 C type eutectic carbide. MC type 
carbide has a non-eutectic solidification structure. 
75 With a structure having above carbide distribution, high-speed steel member of the present invention 

has a hardness of HRC 60 or more and its ratio of Charpy impact values between longitudinal direction and 
the direction perpendicular thereto in a forged material can be 0.7 or more. Note that hardness less than 
HRC 60 results in insufficient wear resistance for a plastic working material. It is desirable that the hardness 
is HRC 60 or more in hard state after hardening and tempering. To provide the hardness of HRC 60 or 
20 more to the member in the hard state after hardening and tempering, 6 % or more of W + 2Mo is desirably 
formed into solid solution in the matrix. 

The present invention shows a contrast to the conventional method where the difference in crystalliza- 
tion temperature between M S C and M 2 C type carbides and MC type carbide is to be minimized by lowering 
the crystaliizing temperature of MC type carbide. According to the present invention, the difference AT(°C) 
?5 is increased so that only MC type carbide is crystallized as granular form in solidification process. Then, 
MeC and M 2 C type eutectic carbides are limited to an area within 2% at most, i.e. finally eliminated by 
soaking. This process weakens improper mechanical properties of the member, or in particular, anisotropy 
of the toughness, though a little bit corsening of MC type carbide may occur. 

When the total of MgC type and M 2 C type carbides exceeds 2% of the total area, the anisotropy of 
30 mechanical properties becomes prominent. Therefore, it is desirable that above eutectic carbides do not 
exist in the structure at all. 

When the crystallization temperature difference between MC type carbide and M 5 C type/M 2 C type 
carbides is 30 ° C or more, MC type carbide as single type crystals tend to be crystallized in the granular 
form, which effectively reduces the anisotropy of mechanical properties of the member. When the 
35 temperature difference is below 30 °C, MC type carbide is formed more in eutectic state. Since it is difficult 
to sufficiently eliminate such MC type carbide in eutectic state during subsequent heat treatment and hot 
working, this may emphasize the anisotropy of the toughness. 

Given below are reasons for composition limitation in relation to high-speed steel member according to 
the present invention. 

40 Among the constituent elements, C not only works for martensite hardening of the matrix, but also 

serves as the element source for precipitated carbides during tempering in combination with Cr, W, Mo and 
V and the element source for MC type carbide. At the same time, it is an indispensable element with an 
effect to raise the crystallization temperature of MC type carbide. Its amount should be decided correspond- 
ing to the amount of other elements. It is preferable to add 0.5% to 2.0% of C in relation to the contents of 

45 Cr, W, Mo, V and Nb described later. 

Si is used as a deoxidant. It also has an effect to raise the crystallization temperature of MC type 
carbide and contributes to improvement of tempering hardness. However, its existence for over 2.0% 
eminently lowers the toughness. Lower Si amount is desirable tor higher toughness. Corresponding to the 
required hardness, Si should be used for an amount of 2.0% or below. 

so Mn has a deoxidation effect and is preferably added by 1.5% or less. 

Cr is an indispensable element to improve the hardening property of the member. Its existence for less 
than 3.5% causes poor hardening property and existence for over 6.0% lowers the absolute value for 
hardness. It is preferably used for an amount from 3.5 to 6.0%. 

Mo is to be added so as to represent 3.0 to 6.0%. Mo serves as the Mo source for precipitated carbide 

55 Mo 2 C in tempering, which is the major cause of secondary hardening. Unlike the conventional high-speed 
steel, Mo is basically not required for formation of primary carbides. If the added amount is less than 3.0%, 
Mo cannot produce the secondary hardening effect sufficiently, but if it is over 6.0%, such amount is over 
the equilibrium crystallizing limit for eutectic carbides. 

4 
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W has a similar effect to Mo. W may be added for 2% or less, if required. 

Both of V and Nb have a strong tendency for formation of MC type carbide. They lead to crystallization 
of primary carbides VC and NbC respectively. While NbC hardly dissolve into the matrix with austenitizing 
at 1300 *C or below, VC has a considerable solid solubility in the matrix at 1100 *C or more. 
5 Crystallization of MC type carbides results in increasing the wear resistance of the member. Furthermore, V 
and Nb serve for prevention of coarse crystal grains. When either or both of V and Nb represents less than 
0.5%, the above effect is hardly achieved, terefore, the preferable content is at 0.5 % or more. Besides, 
when V exceeds 5.0% or Nb represents 2.0 % or more, MC type carbide has coarse grains, which 
deteriorates the toughness. The respective upper limits are 5% (incl.) and 2.0% (excl.). 
io N is an effective element to increase the difference in crystallization temperature T (• C) between MC 

type carbide and M e C/M 2 C type carbides. N is added for 0.02 to 0.07%. When N is below 0.02%, it cannot 
serve to increase the temperature difference; when it is over 0.07%, MC type carbide becomes too large, 
which may lower the toughness. 

Addition of Co improves temper hardening as in conventional high-speed steel member. However, when 
15 the amount is over 12.0%, Co deteriorates the hot workability. The element is to be arbitrarily added for an 
amount below 12.0% corresponding to the desired hardness of the member. 

Similar to N, Ti increases difference in crystallization temperature AT ( • C) between MC type carbide 
and carbides of MgC/M 2 C type. Ti is added for an amount not more than 0.1%. When Ti content exceeds 
0.1%, MC type carbide becomes too large, which may lower toughness. Added at the same time, Ti and N 
20 can cooperate in finer crystallization of MC type carbide during solidification. 

Usually, the cast structure of steel ingot obtained in mass production tends to be easily solidified in 
non-equilibrium state. In case of high-speed steel, the amount of primary carbide formed in non-equilibrium 
state is larger than that formed in equilibrium state. The eutectic carbide remaining in equilibrium state 
cannot be eliminated by subsequent heat treatment and hot working processes. However, MgC type and a^:? 
25 M 2 C type eutectic carbides crystallized in non-equilibrium state can be forcibly made into solid solution in ,., 
the matrix by means of high temperature soaking. The soaking is preferably made to steel ingot having a > 
small surface area or in the initial stage of hot working. Preferable treatment temperature is in the range s 
from 1100 to 1200 *C. It is not effective under 1100 'C. Over 1200 °C, a part of eutectic carbide melts 
again, which deteriorates subsequent hot workability. 
30 Being forcibly made into solid solution, Mo and W are effective in increasing the density in the matrix, „ 

enhancing the softening resistance in tempering, increasing the hardness of the member and raising 
absolute values of its mechanical properties. Such effect is particularly prominent in the composition range ^ 
according to the present invention. In an improper composition, soaking causes Ostwald growth of carbides, - 
which makes the carbides more coarse with deteriorating the hardness and mechanical properties of the 
35 member. 

Example 1 

Table 1 shows the compositions of conventional high-speed steel and the material used for the high- 
40 speed steel member according to the present invention. Small laboratory ingots of 50 kg were heated to 
1140 "C for hot forging up to 60 mm square, which corresponds to a forging ratio of 10. After forging, a 
small test piece of 10g was cut out of each sample for measurement of crystallization temperature for MC 
type carbide and M 6 C /M 2 C type eutectic carbides during solidification using a differential thermal analysis 
meter To measure the crystallization temperature the test pieces were heated to 1450 *C to be molten 
45 and then cooled down at an average cooling rate of 10 *C /min. The temperature values were determined 
from exothermic and endothermic change during cooling process. Table 2 shows the determined crystalliza- 
tion temperature difference AT (*C) between MC type carbide and M 6 C/M 2 C type carbides. 
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Next, for Charpy impact test, test pieces of 10 mm x 10 mm x 55 mm (10 R C notch) were sampled 
from forging direction (L) and in the direction perpendicular thereto (T) for each hot forged specimen after 
annealing. The test pieces were roughly machined and then hardened at a temperature 40 * C lower than 
the crystallization temperature of MsC and M 2 C type eutectic carbides. After oil cooling, the test pieces 
were tempered at 560 • C for one hour for two or three times and then finished to the specified dimensions 
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and subjected Charpy impact test. 

Further, the samples after Charpy impact test were subjected to etch for MC type carbide and M 6 C and 
M2C type carbides, respectively. Then, with an image analize processor, area of the carbides were 
measured for determination of their ratio. Table 2 shows the results. 
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As shown in Table 2, while the conventional steel has the difference AT ( B C) of less than 30 "C, the 
high-speed steel of the present invention has the difference of 35 °C or more, which becomes 110 *C at 
maximum. This is largely attributable to concurring addition of Ti and N for small amount. 

The primary carbide area ratios for MgC type and M2C type carbides formed in eutectic reaction is 
5 1.5% or less in high-speed steel member of the present invention. This value satisfies the condition of 
"2.0% or less" required in the present invention. 

The area ratio of MC type carbide is closely related to V and Nb contents in the steel. It gradually 
grows as the amount of V and/or Nb increases. 

Figs. 1 and 2 show the micro-structure after hardening and tempering of RV693, an example of the 
70 present invention in Tables 1 and 2, and of matrix steel A, an example of the conventional steel. 

As understood from Fig. 1, the high-speed steel member of the present invention has a structure with 
dispersed grains of MC type carbide having a substantially spherical shape, which practically has no M 6 C 
or M2C type eutectic carbide in the form of a net. The hardness after hardening and tempering is HRC 60 
or more. Further, mechanical properties in forging direction (L) and the direction perpendicular thereto (T) 
15 are sufficient; more specifically, T/L ratio of Charpy impact is 0.7 or more, or even 0.85 at most, which is 
tremendously higher than that in conventional steels. It is quite noteworthy to show such a high T/L ratio for 
a forging ratio of 10. The Charpy impact values are also high for the hardness in both forging direction and 
the direction perpendicular thereto. 

20 Example 2 

Among the samples of Table 1, three types of materials SKH51, RV693 and RV695 with low C content 
were subjected to soaking at 1180 °C for 20 hours when they were in the form of steel ingots. Then, as in 
Example 1 , the materials were hot forged and subjected to Charpy impact test for determination of carbide 
25 area ratios. Table 3 shows the results. 
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As shown in Tables 2 and 3. for SKH51 with low C content, soaking slightly increased the area ratio of 
primary carbides. Since the primary carbides had been formed in equilibrium state, they could not be 
55 eliminated in soaking, but were caused to become more coarse by Ostwald growth due to high temperature. 
This slightly deteriorated the hardness and absolute values of mechanical properties. 

In contrast, the high-speed steel member of the present invention had, even before soaking, 0.7% or 
less of eutectic carbides. During soaking, M&C and M 2 C type carbides crystallized in non-equilibrium state 
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solved into the matrix, or they disappeared substantially. In this case, solid solution of carbides into the 
matrix increases the amount of alloyed elements in the matrix, which slightly increases the tempering 
hardness and improves the absolute values of mechanical properties, with weakening the anisotropy. 

5 Example 3 

The steel with the composition of RV695 according to the present invention as shown in Table 1 was 
manufactured in mass production scale and hot forged into a bar material with a diameter of 200 mm. For 
reference, another steel with the composition of SKH51 having low C content according to Table 1 was also 

w manufactured in mass production scale and hot forged into a bar material with same diameter. From both 
200 mm dia. materials, rolled dies for deep groove forming were made for comparison of practical use. 

Heat treatment conditions included hardening at 1120 °C and then tempering at 560 °C for the steel 
equivalent to RV695. Hardness was HRC 62.2. The steel equivalent to SKH51 was hardened at 1150 °C 
and then tempered at 560 °C. Hardness was HRC 63.3. In the actual performance test with using rolled 

75 dies, forming weight was 6 tons and forming speed was 6 m/sec. The number of formed material until 
generation of any cracking flaw in the dies to be transferred to the formed material was counted for 
determination of service life of the member. 

As a result, while the rolled dies made of the steel equivalent to SKH51 with low C content suffered a 
crack after forming of 275 products, the rolled dies made of the steel material according to the present 

20 invention could form 42,000 products. 

As described above, the high-speed steel member according to the present invention has an innovative 
micro-structure, which has alloy composition of high-speed steel but does not contain any eutectic carbide 
substantially. In other words, it has a structure where MC type carbide alone among primary carbides is 
uniformly dispersed. It is a quite useful material as a high toughness high-speed steel member with a high 

25 Charpy impact value and a hardness of HRC 60 or more as well as a ratio of Charpy impact values between 
forging direction and the direction perpendicular thereto of 0.7 or more. 

Claims 

30 1. A high toughness high-speed steel member comprising 0 (incl.) to <2.0 wt% of Nb in hard state after 
hardening and tempering, characterized by that, among primary carbides in the micro-structure of said 
member, one of M 6 C and M 2 C type carbides or both of them in total represent 0 to 2% of area ratio in 
the whole area and that the remainder substantially consists of MC type carbides. 

35 2. A high toughness high-speed steel member of Claim 1, wherein the crystallization temperature dif- 
ference between MC type carbide and M 5 C or M 2 C type carbide is 30 *C or more and the primary MC 
type carbide has a non-eutectic solidification structure. 

3. A high toughness high-speed steel member of Claim 1 or 2, wherein hardness is HRC 60 or more and 
40 the ratio of Charpy impact values between forging direction and the direction perpendicular thereto is 

0.7 or more. 

4. A high toughness high-speed steel member according to one of Claims 1 to 3, comprising, by weight 
%, 0.5 to 2.0% of C, 2.0% or less of St, 1.5% or less of Mn. 3.5 to 6.0% of Cr, 3.0 to 6.0% of Mo, 

45 0.5% or more in total of either or both of V (5.0% or less) and Nb (less than 2.0%) and 0.02 to 0.07% 

of N as well as Fe for the remainder. 

5. A high toughness high-speed steel member according to one of Claims 1 to 3,comprising, by weight 
%, 0.5 to 2,0% of C, 2.0% or less of Si, 1.5% or less of Mn, 3.5 to 6.0% of Cr, 2.0% or less of W, 3.0 

so to 6.0% of Mo, 0.5% or more in total of either or both of V (5.0% or less) and Nb (less than 2.0%) and 

0.02 to 0.07% of N as well as Fe for the remainder. 

6. A high toughness high-speed steel member according to Claim 4 or 5,wherein a part of Fe is replaced 
by 12.0 % or less of Co. 

55 

7. A high toughness high-speed steel member according to Claim 4 or 5,. wherein a part of Fe is replaced 
by 0.10 % or less of Ti. 
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8. A method to manufacture a high toughness high-speed steel member comprising, by weight %, 0.5 to 
2.0% of C, 2.0% or less of Si, t.5% or less of Mn, 3.5 to 6.0% of Cr, 3.0 to 6.0% of Mo, 0.5% or more 
in total of either or both of V (5.0% or less) and Nb (less than 2.0%) and 0.02 to 0.07% of N as well as 
Fe for the remainder, characterized by soaking said steel at a temperature in the range from 1100 to 

5 1200 *C before or during hot working. 

9. A method to manufacture a high toughness high-speed steel member comprising, by weight %, 0.5 to 
2.0% of C, 2.0% or less of Si, 1 .5% or less of Mn, 3.5 to 6.0% of Cr, 2.0% or less of W, 3.0 to 6.0% of 
Mo, 0.5% or more in total of either or both of V(5.0% or less) and Nb (less than 2.0%) and 0.02 to 

10 0.07% of N as well as Fe for the remainder, characterized by soaking said steel at a temperature in the 

range from 1100 to 1200 °C before or during hot working. 

10. A method to manufacture a high toughness high-speed steel member according to Claim 8 or 
9,wherein,a part of Fe is replaced by 12.0 % or less of Co. 

75 

11. A method to manufacture a high toughness high-speed steel member according to Claim 8 or 9, 
wherein a part of Fe is replaced by 0.10 % or less of Ti. 
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